This paper investigates the effectiveness of protected areas in slowing tropical forest clearing in 64 countries in Asia/ Pacific, Africa, and Latin America for the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . The investigation compares deforestation rates inside and within 10 kilometers outside the boundary of protected areas. Annual time series of these deforestation rates were constructed from recently published high-resolution data on forest clearing. For 4,028 parks, panel estimation based on a variety of park characteristics was conducted to test if deforestation is lower in protected areas because of their protected status, or if other factors explain the difference. For a sample of 726 parks established since 2002, a test also was conducted to investigate the effect of park establishment on protection. The findings suggest park size, national park status, and management by indigenous people all have significant association with effective protection across regions. For the Asia/Pacific region, the test offers compelling evidence that park establishment has a near-immediate and powerful effect.
Introduction
Many country studies have found that forest clearing is lower in protected areas. To illustrate the number and country range of such studies, we include the near-exhaustive bibliography of Geldmann et al (2013) and Nelson and Chomitz (2011) in the references for this paper. Most studies have tested the effects of protection status in regressions that include other determinants of forest clearing (Table S5 in Geldmann et al 2013) . More sophisticated tests (e.g. Chomitz, 2011, Joppa and Pfaff 2011; , Andam et al. 2008 ) have matched pairs of protected and unprotected areas that are similar in characteristics relevant for deforestation analysis. Although these studies have produced many useful insights, the scarcity of reliable time series data on deforestation has forced them all to take a cross-sectional approach. Without studies that measure deforestation before and after protection, the basic question of causality remains: Is deforestation lower in protected areas because of their protected status, or do other factors explain the difference?
A theoretically-appropriate test of protection would resemble quasi-experiments that have been performed in fields where data have been more plentiful. It would require observations on changes in protected areas and comparable non-protected areas, both before and after the establishment of legal protection. Such a study could employ a spatial panel of high-resolution data that permits measurement of forest clearing ex ante and ex post, with observations inside and outside of park boundaries in contiguous zones that are sufficiently narrow (and therefore indistinguishable on locational grounds) for near-precise matching to be achieved.
With the recent publication of global forest clearing data at 30 m resolution by Hansen, et al. (2013) , such quasi-experiments are now possible. The Hansen data identify 30 m cells as forested or cleared in every year from 2001 to 2012. This paper mobilizes the Hansen data to estimate 1 annual deforestation rates for contiguous zones that straddle park boundaries for over 4,000 protected areas in 64 tropical forest countries. We calculate the ratio of deforestation rates outside and inside the boundaries of each park in each year. We adopt this ratio as our measure of protection effectiveness and use panel regression techniques to estimate the protection impacts of many park characteristics, including legal establishment dates.
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The remainder of the paper is organized as follows. Section 2 describes our database, while Section 3 explains the computation of outside/inside deforestation ratios. We present out results in Section 4, along with a discussion of the potential implications. Section 5 summarizes and concludes the paper.
Database Construction
The database for this exercise has four main components: 30 m forest clearing data from Hansen et al. (2013) kilometers at the equator, so each grid cell contains a maximum of 8,100 Hansen pixels. We code pixels by year: 1 if most of the clearing occurred in that year and 0 otherwise. Figure 1 illustrates the resolution of the grid-scale data in Est Province, Cameroon, with an overlay for protected areas. Substantial variation in forest clearing is apparent across protected areas, both inside and outside of park boundaries.
Using ArcGIS 10, we convert Hansen grid-scale rasters to point files (counts register at grid centroids) and intersect the point files with tropical forest area shapefiles and level-one administrative boundary files from GADM.org. We export the results to text files for operations in Stata that will be explained in the next section. We also export the intersections of Hansen point files with boundary files for protected areas and level-one administrative areas.
Protected areas
The core exercise for this paper is construction of zones that straddle the borders of individual protected areas. The supporting database is constructed in three steps. 
Boundary zones
In the first computation step, we merge the point-level information in the two Hansen files by latitude and longitude. This enables separation of the merged file into points that are inside 
Statistical Analysis
Using the methodology described in Section 3, we compute annual outside/inside deforestation ratios for 4,028 parks in 64 countries: 20 in Africa, 23 in LAC, and 21 in Asia/Pacific. Table 1 tabulates our sample parks by region and country. 6 We recognize that the area inside a protected area/ park and its surrounding area do not always have similar environmental conditions as pointed out by Mas 2005; however thorough investigation of all relevant characteristics of 4,028 parks in 64 countries and their surrounding areas was beyond the scope of our analysis. Instead, we used 10-km area surrounding park boundaries for testing the effectiveness of the parks .Use of 10-km buffer is a common practice in the literature. For example, see Pfeifer et al. 2012 , Bruner et al. 2001 . Although the three regions and 64 countries are quite diverse, we find strikingly common patterns in Table 2 . As the 12-year averages show most clearly, each region's 25th percentile parks have outside/inside ratios that are generally less than one. This means that in all three regions, at least 25% of the parks are consistently offering no protection at all (or at least protection as we measure it). The median (50th percentile) statistics, on the other hand, tell a more hopeful story.
Descriptive Statistics
In each region, protection appears sufficient in the median park for the outside/inside ratio to be greater than 1.5:1 in all cases except one. And parks at the 75th percentile offer very substantial protection in all regions, with ratios of 3:1 or greater.
Our results for parks established during the 2000s and previous periods reveal some interesting differences. This is particularly true for Africa, where typical median ratios rise sharply for parks established more recently: from 0.60 to 1.10 at 25%; 1.36 to 2.42 at the median; and 2.96 to 5.28 at 75%. These results may reflect recent progress in governance, as well as more emphasis on cost-effectiveness by conservation aid donors. The converse is true for LAC, with lower ratios for more recently-established parks in all three percentile categories. These results may reflect recent progress in governance, as well as more emphasis on cost-effectiveness by conservation aid donors. Asia/Pacific is mixed, with approximate stability in the 25th and 50th percentiles, but a somewhat higher 75th percentile ratio in the 2000s. To assess changes during the past decade, we subdivide the data into two periods and compute averages for each period. As Table 2 shows, we find little evidence of systematic improvement or deterioration, although some of the differences might be significant in a large-sample statistical analysis.
Regression Results
Our regression exercise in this paper has two parts. First, we use the new database to test the association between effective protection and a variety of park characteristics in Asia/Pacific, Africa and LAC. We perform panel estimates by random effects, because we are primarily interested in the cross-sectional characteristics of parks. Our second exercise focuses on time series tests of the impact of park establishment on deforestation. For these tests, we estimate by fixed effects. Inspection of the data reveals that the outside/inside ratio is highly skewed, but its logarithm has a near-normal distribution. Accordingly, we use log ratios in our regressions.
Park Characteristics and Forest Protection
The Hansen data provide consistent measurement of global tropical forest clearing at high resolution, so they offer an unprecedented opportunity for investigating the association between forest protection and park characteristics. In this section, we mobilize the WDPA database to test a wide variety of characteristics related to park size, age, IUCN status, management and legal status. We also incorporate annual dummy variables for 2001-2012 and our park establishment test variable, whose value is 0 for years prior to park establishment and 1 thereafter. We regard this exercise as a weak test of park establishment, since it does not control explicitly for time intervals before and after establishment. We will introduce such controls in the next section, which applies a strong test using fixed effects estimation. Collinearity has forced the exclusion of some variables in Asia/Pacific and Africa. In the following discussion, we treat the outside/inside ratio and degree of protection as synonymous.
Our results suggest that only a few of the 27 tested variables have highly-significant associations with forest protection, and even fewer have consistently-significant associations across regions.
The park establishment test variable fails our weak test in all three regions: Estimated coefficients are consistently positive (implying that park establishment raises the outside/inside deforestation ratio), but they all fail to meet classical significance tests. In contrast, park size has positive and highly-significant effects on protection in all three regions, with the same order of magnitude. This may reflect either economies of scale in protection or the greater political visibility and/or importance of larger parks.
Our results for establishment decades are uniformly weak for Asia/Pacific, which implies that parks established since 1980 are no more effectively protected than parks established during prior decades. The LAC result is mixed, with a significant result for parks established in the 1980s.
The results are considerably stronger in Africa; parks established since 1980 achieve greater protection than their predecessors, and parks established since 2000 have the strongest protective advantage. Absolute value of z statistics in parentheses * significant at 5%; ** significant at 1% 7 High variability of effectiveness between Protected Area categories has been documented for East Africa's evergreen forests also by Pfeifer et al. 2012 . Three global studies conducted by Joppa and Pfaff, 2011 , Scharelmann et al. 2010 , and Nelson and Chomitz, 2009 also highlighted increase in effectiveness of Protected Area with stricter protection as implied by the IUCN categories (Geldmann et al. 2013 ). 8 For tiger habitats see Forrest et al. (2011) At this point, it is worth reiterating that our results suggest insignificance for several management modes that figure prominently in discussions of forest governance and protection. These include management by national ministries, individual landowners, profit-making enterprises, local nonindigenous communities, non-profit organizations, and private entities.
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Our results are also sparse for legally-defined status --designated, inscribed or proposed. Only the latter has any significance, and that is in one region: LAC, where protection is much lower in parks that have been proposed but not yet legally designated.
Testing the Impact of Park Establishment
Since our database identifies each park by start year, it permits us to perform quasi-experiments to test the effect of park establishment on deforestation for protected areas that have been established since 2002. We produce our estimation sample by extracting these 726 parks. Then we use statistical analysis to pose the question: Has acquisition of official protection status changed the outside/inside ratio significantly? If so, we have highly suggestive evidence that official protection has actually made a difference. If not, then we can tentatively conclude that the outside/inside ratios we observe are principally reflections of other factors. We should note that these factors may also be related to protection, which could be provided by a host of local and/or informal arrangements that are not reflected in official park establishment years. Advance notice of establishment may also create a perverse effect, in which clearing accelerates in an area before official protection begins. All things considered, our results might best be interpreted as measuring the net impact of enhanced effectiveness ex post vs. anticipatory acceleration of clearing ex ante. and the outside/inside ratio prior to park establishment (this is the antilog of column 2, included to show typical magnitudes of outside/inside ratios across regions and over time).
Our estimates for outside/inside ratios are quite strong and consistent, both across regions and for different temporal samples within regions. The results in the second and fourth columns for each region are highly significant and suggest typical outside/inside ratios of two or higher. To be clear, the estimation samples for this exercise include only parks established since 2000, and the results in the second and fourth columns are estimated outside/inside ratios during the period prior to legal establishment.
Our estimates of establishment effects are quite consistent within regions, but highly-varied across regions. In Africa and LAC, we see no evidence that legal establishment has any effect:
The ex-post outside/inside deforestation ratio is not significantly different from the ex-ante ratio.
In Asia/Pacific, however, the situation appears very different. With the exception of what looks like a strange sample artifact for parks established after 2009, the impact of legal establishment is very large, positive, and highly significant. For Asia/Pacific, this offers compelling evidence that park establishment has a near-immediate and powerful effect.
To summarize, using the interpretive framework that we have suggested, our fixed-effects results suggest a rough balance between ex-post effectiveness and ex-ante anticipatory acceleration of deforestation in Africa and LAC. In Asia/Pacific, on the other hand, the ex-post effect appears clearly dominant. We acknowledge that other interpretations are possible; important roles may well be played by unobserved variables. Our test is confined to published establishment dates for parks, and it is quite possible that many have enjoyed de facto protected status prior to their public establishment. The underlying sources of protection may be social, economic, institutional and political arrangements that are local, contextual and largely unobservable to outsiders. It is also entirely possible that the time interval available for this study is simply too short to judge long-term effectiveness. The issue should be revisited as the Hansen team and other groups continue to extend high-resolution estimates of deforestation both forward and backward in time. 
Summary and Conclusions
In this paper, we have used high-resolution data from Hansen et al (2013) to take a new look at the effectiveness of protected areas in slowing tropical forest clearing. Our measure of effective protection for each park is the ratio of deforestation rates in boundary zones that extend 10 km outside and inside the park's boundary. We compute deforestation rates from data at 30 m resolution for 4,028 parks in 64 countries in Asia/Pacific, Africa and Latin America. For each park, we construct an annual time series of outside/inside rates for the period 2001-2012.
For estimation work, we join our Hansen panel to extensive data on park characteristics from the WDPA database. We use two sets of panel estimates to test associations between park characteristics and our measure of protection. In the first exercise, we use random effects to test the effect of parks' age, size, IUCN status, management mode and legal status on forest protection. We find very high significance for some of these variables, but no significance for many of them. Particularly important variables in this context are park size, national park status, and management by indigenous peoples. They all have large, positive, highly-significant associations with effective protection across regions. In a supplementary test, we also find a significant, positive impact for "species charisma" in Asia/Pacific, embodied in higher effective protection for parks that include tiger habitat.
In the second exercise, we use fixed-effects estimation to focus on the effect of park establishment on protection. Our estimation work is confined to the period after 2000, since that is the temporal span of the Hansen data. 
